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(54) FUEL CELL SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a fuel cell 
system capable of efficiently removing impurities such 
as water in a fuel electrode passage while restraining 
deterioration of the fuel economy. 

SOLUTION: A valve 7 is used to switch to supply to a 
fuel electrode entrance 21, humidified hydrogen or non- 
humidified air compressed by a compressor 5. A valve 8 
is used to switch to supply to an air electrode entrance 
23, humidified air or the non-humidified air compressed 
by the compressor 5. When starting or stopping this fuel 
cell system, the non-humidified air is supplied to the fuel 
electrode and the air electrode from the valves 7 and 8, 
a valve 1 1 communicating with the gas passages of both 
electrodes is opened, and thus air purging is carried out 
with the non-humidified air. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The fuel cell system characterized by to have the fuel electrode path change-over valve which 
switches whether fuel gas is supplied to a fuel electrode path, or air is supplied in the fuel cell system 
generated according to the electrochemical reaction of the fuel gas supplied to the fuel electrode, and the 
oxygen in the air supplied to the air pole, to switch said fuel electrode path change-over valve so that air 
may be supplied to a fuel electrode path according to an operation situation, and to perform the air purge 
which purges a fuel electrode with air. 

[Claim 2] The fuel cell system according to claim 1 characterized by having the free passage valve which 
makes an air pole and a fuel electrode open for free passage at the time of said air purge. 
[Claim 3] The amount of humidification of the air which is equipped with the humidifier which humidifies 
air at least, and is supplied to a fuel electrode at the time of said air purge is a fuel cell system according to 
claim 1 characterized by usually making it lower than the amount of humidification of the supply air to the 
air pole at the time of operation. 

[Claim 4] The fuel cell system according to claim 3 characterized by having had the humidifier for 
humidifying fuel gas and air, respectively, having shared the source of air supply which supplies air to an air 
pole, and the source of air supply which supplies air to a fuel electrode at the time of said air purge, and 
branching an air supply path in the upstream of said humidifier from this source of air supply. 
[Claim 5] it be the fuel cell system according to claim 3 which said fuel electrode path change-over valve be 
the 1st atmospheric air open valve prepared in the fuel electrode path between said humidifiers and bodies 
of a fuel cell , the ejector which operate by the airstream generate by this source of air supply be form in the 
lower stream of a river of said source of air supply , and atmospheric air disconnection of the fuel electrode 
path be carry out by the 1st atmospheric air open valve at the time of said air purge , and be characterize by 
connect the mouthpiece section of said ejector to the fuel cell outlet of a fuel electrode . 
[Claim 6] The air pole path between said humidifiers and bodies of a fuel cell is equipped with the 2nd 
atmospheric-air open valve. It has the air change-over valve which switches whether the air from said source 
of air supply is supplied to said humidifier, or said ejector is supplied, and an air pole outlet is connected to 
the mouthpiece section of said ejector. At the time of an air purge The fuel cell system according to claim 5 
characterized by carrying out atmospheric-air disconnection of the air pole path by the 2nd atmospheric-air 
open valve while switching said air change-over valve so that the air from said source of air supply may be 
supplied to said ejector. 

[Claim 7] The fuel cell system of claim 1 characterized by performing said air purge at the time of starting 
of a fuel cell system thru/or claim 6 given in any 1 term. 

[Claim 8] The fuel cell system of claim 1 characterized by performing said air purge at the time of 
generation-of-electrical-energy termination of a fuel cell system thru/or claim 6 given in any 1 term. 
[Claim 9] Usually, the fuel cell system according to claim 7 or 8 characterized by forbidding said air purge 
during operation. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the fuel cell system which was applied to the fuel cell 

system, especially controlled the fuel consumption fall by fuel electrode purge. 

[0002] 

[Description of the Prior Art] By supplying the fuel gas containing hydrogen to a fuel electrode, and 
supplying the air containing oxygen to an air pole, hydrogen and oxygen are made to react electrochemically 
and a fuel cell carries out direct conversion, and it is excellent in environment nature while high generating 
efficiency is acquired, even when it is small-scale. 

[0003] Moreover, by using solid-state macromolecule ion exchange membrane as an electrolyte in recent 
years, a small high increase in power is possible, and the polymer electrolyte fuel cell with an unnecessary 
acid water solution attracts attention as a method of the fuel cell using hydrogen gas. 

[0004] In a fuel cell, the fuel gas containing hydrogen and the air containing oxygen are supplied to the fuel 
electrode which counters on both sides of a solid-state poly membrane, and an air pole, respectively. Reduce 
the consumption of the original fuel gas in this fuel cell, and recycle the exhaust gas from the fuel electrode 
of a fuel cell with an eye on lowering the utilization factor of hydrogen gas in a list, and improving output 
characteristics, it is made to mix with the deep fuel gas of the hydrogen newly supplied from the outside, 
and many things of the recirculating system supplied to the fuel electrode of a fuel cell are devised. 
[0005] By the way, although the byproduction hydrogen obtained as a by-product in a chemical plant is 
refined and he is trying to supply a fuel cell, the purity changes with works and contains impurities, such as 
oxygen of a minute amount, nitrogen, chlorine, and ammonia, in addition to hydrogen. For this reason, when 
recycling of the exhaust gas from a fuel electrode is carried out, high impurity concentration rises in 
connection with the repeat of circulation, and there is a possibility that this may reduce the electrode 
catalytic activity of a fuel cell owing to, or may give corrosion, and the cell engine performance may fall. 
[0006] Moreover, in a fuel cell, if water will be in an excessive condition to a fuel electrode, the water 
plugging condition that generating efficiency falls may arise, and it is necessary to cancel this water 
plugging. 

[0007] For this reason, in the fuel cell system given in JP,9-22714,A, when the fuel electrode path of a fuel 
cell is covered with impurities, such as water, the purge which blows away and removes an impurity by 
opening a purge line wide, throwing away fuel gas outside, and increasing the flow rate of fuel gas is 
performed. 
[0008] 

[Problem(s) to be Solved by the Invention] However, with the above-mentioned conventional technique, 
since there was much fuel gas consumed without being used for a generation of electrical energy in case it 
purged, there was a trouble of leading to aggravation of fuel consumption. 

[0009] It is offering the fuel cell system from which impurities', such as water's in a fuel electrode path, are 
efficiently removable in view of the above trouble while the purpose of this invention controls aggravation 
of fuel consumption. 
[0010] 

[Means for Solving the Problem] Let it be a summary to switch said fuel electrode path change-over valve 
so that it has the fuel electrode path change-over valve which switches whether this invention supplies fuel 
gas to a fuel electrode path in the fuel cell system generated according to the electrochemical reaction of the 
fuel gas supplied to the fuel electrode, and the oxygen in the air supplied to the air pole, or air is supplied 
and air may supply to a fuel electrode path according to an operation situation, in order to attain the above- 
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mentioned purpose, and to perform the air purge which purges a fuel electrode with air. 
[0011] 

[Effect of the Invention] Since the water with which the fuel electrode was covered with air instead of fuel 
. gas can be blown away and removed according to this invention, the amount of the fuel consumed without 
being used for a generation of electrical energy can be reduced, and fuel consumption can be raised. 
[0012] 

[Embodiment of the Invention] Next, the gestalt of operation of this invention is explained to a detail with 
reference to a drawing. 

The [1st operation gestalt] Drawing 1 is a block diagram explaining the configuration of the 1st operation 
gestalt of the fuel cell system concerning this invention. In addition, the condition which showed each bulb 
in drawing 1 is an OFF state (the condition of not energizing, normal state). In this drawing, the hydrogen 
gas as a fuel supplied from a hydrogen tank 1 is not concerned with the residual pressure of a hydrogen tank 
1, but is adjusted to a pressure predetermined by the pressure regulator 2, and is supplied to a flow control 
valve 3. A flow control valve 3 supplies the hydrogen gas of a flow rate according to a service condition to a 
humidifier 6 via an ejector 4. 

[0013] The hydrogen gas humidified with the humidifier 6 is supplied to the fuel electrode inlet port 21 of 
the fuel cell stack 9. The remaining hydrogen gas used for the generation of electrical energy with the fuel 
electrode is emitted to atmospheric air, while the purge valve 12 is open for free passage with the orifice 13, 
and when it is un-open for free passage, the whole quantity returns to an ejector 4. It is mixed with the 
hydrogen gas supplied from a flow control valve 3 with an ejector 4, and the hydrogen gas returned to the 
inlet port of an ejector 4 via the circuit 10 from the fuel electrode outlet 22 is supplied to a humidifier 6. 
[0014] On the other hand, the air as oxidant gas sends into a humidifier 6 the air introduced from 
atmospheric air using the compressor (source of air supply) 5. The air humidified with the humidifier 6 is 
supplied to the air pole inlet port 23 of the fuel cell stack 9, and becomes possible [ generating electricity by 
hydrogen gas and the oxygen in air ]. 

[0015] Between the humidifier 6 and the fuel electrode inlet port 21 of the fuel cell stack 9, the bulb 7 (fuel 
electrode path change-over valve) which has installation of the air of not humidifying [ which bypassed 
hydrogen gas and a humidifier 6 ] switched is installed. Similarly, the bulb 8 (air pole path change-over 
valve) which has installation of the air of un-humidifying and humidification switched is installed between 
the humidifier 6 and the air pole inlet port 23 of the fuel cell stack 9. 

[0016] The compressor 5 which is a source of air supply can supply non-humidifying air to the fuel 
electrode inlet port 21 and the air pole inlet port 23 through bulbs 7 and 8, respectively while supplying air 
to a humidifier 6. Between the fuel electrode outlet 22 and the air pole outlet 24, the bulb 1 1 (free passage 
valve) which can open both for free passage is formed; 

[0017] Drawing 3 is a flow chart explaining the control at the time of the fuel cell system startup in this 
operation gestalt. 

[001 8] In order to adhere to the reaction film of the fuel cell stack 9 or to emit first the liquid hydrogen 
which exists in a gas passageway to the exterior of the fuel cell stack 9 in step (a step is hereafter 
abbreviated to S) 10, a bulb 8 is also controlled so that non-humidifying air flows into a fuel cell, so that 
non-humidifying air flows a bulb 7 into a fuel cell. A bulb 1 1 is controlled to open a hydrogen gas 
passageway and an airstream way for free passage to coincidence on the lower stream of a river of the fuel 
cell stack 9 at this time, and a purge valve 12 is opened so that it may become atmospheric-air 
disconnection. 

[0019] Subsequently, by SI 2, a compressor 5 is started, supply of air is started and a flow rate is increased. 
To the time amount set up by S 14 (for example, for 10 seconds), the water by the air purge and an impurity 
blow and ****** i s performed. If the setup time passes in SI 4, it moves to S16 and bulbs 7 and 8 are turned 
off, and while switching so that the hydrogen gas and air which went via the humidifier 6 can be supplied to 
the fuel cell stack 9, bulbs 1 1 and 12 are turned off. Subsequently, it usually shifts to operation in SI 8. 
[0020] Thereby, it becomes possible smoothly to start a fuel cell system for a short time, without throwing 
away a fuel vainly. 

[0021] In addition, it opened so that it might become atmospheric-air disconnection about a purge valve 12 
by S10, but since the fiael electrode outlet 22 is open for free passage with the air pole outlet 24 and is wide 
opened by atmospheric air when a bulb 1 1 opens, the purge valve 12 may close it. 

[0022] Drawing 4 is a flow chart explaining the actuation at the time of die generation-of-electrical-energy 
termination in this operation gestalt. First, in order to adhere to the reaction film of the fuel cell stack 9 or to 
emit the liquid hydrogen which exists in a gas passageway to the exterior of the fuel cell stack 9, continuing 
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operation of a compressor 5 in step 20, a bulb 8 is also controlled so that non-humidifying air flows into the 
air pole inlet port 23, so that non-humidifying air flows a bulb 7 into the fuel electrode inlet port 21. A bulb 
1 1 is controlled to open a hydrogen gas passageway and an airstream way for free passage to coincidence on 
the lower stream of a river of the fuel cell stack 9 at this time, and a purge valve 12 is opened so that it may 
become atmospheric-air disconnection. 

[0023] Subsequently, the water by the air purge and an impurity blow and ****** i s performed until the 
time amount set up by S22 passes (for example, for 10 seconds). If the setup time passes in S22, it moves to 
S24 and bulbs 7, 8, 1 1, and 12 are turned off. Subsequently, operation of a compressor 5 is suspended by 
S26. 

[0024] Drawing 5 is a flow chart in this operation gestalt which usually explains the purge actuation under 
operation, and is usually constituted during operation as a routine called for every fixed time amount. By 
S30, it judges first whether they are whether water plugging occurred and no. Although the judgment of 
water plugging generating is well-known with the conventional technique, the eel electrical-potential- 
difference sensor which is not illustrated, for example detects a eel electrical potential difference or a eel 
group electrical potential difference for every two or more eels of every eel of the fuel cell stack 9, and the 
predetermined number by which series connection was carried out, and it computes the change from the 
average of these detection values, and the average of each detection value, or distribution, and if a change or 
distribution is large more than fixed, it will judge that water plugging occurred. 

[0025] Subsequently, a purge valve 12 is opened by S32 (it turns on). The purge by fuel gas (hydrogen) is 
performed until the setup time (for example, for 10 seconds) passes in S34. If the setup time passes in S34, it 
will move to S36, and the return of the purge valve 12 will be closed and (turning off) carried out. 
[0026] Since a bulb 7 can blow away and remove the water with which the fuel electrode was covered with 
air instead of hydrogen gas according to this operation gestalt as explained above, fuel consumption can be 
raised by reducing the amount of the fuel consumed without being used for a generation of electrical energy. 

[0027] Moreover, by opening a bulb 1 1 in an air purge, a fuel electrode path and an air pole path can be 
open for free passage, even if it does not carry out special gas pressure control, a fuel electrode pressure and 
an air pole pressure can be brought close, and it can control doing damage to a fuel cell with easy structure. 
[0028] Moreover, since a bulb 7 introduces non-humidifying air, it can purge with the air of low humidity, 
and it rises rather than it carries out with the air which the effectiveness of removing water collected on the 
fuel electrode humidified. Moreover, since the air of not humidifying [ which a bulb 7 introduces ] is 
branched in the upstream of a humidifier 6, even if the responsibility of the amount change of 
humidification of a humidifier 6 is low, correspondence of it is attained. 

[0029] Moreover, there is no need of preparing the source of air supply for air purges only, and cost rise 
control can be carried out. Moreover, since an air purge is performed at the time of starting, the generation 
of electrical energy stabilized by removing these beforehand prior to a generation of electrical energy comes 
to be able to do the water of condensation generated in the fuel electrode path during shutdown. 
[0030] Furthermore, if an air purge is performed like drawing 4 also at the time of a generation-of-electrical- 
energy halt, the humidity inside a gas passageway and a fuel cell stack can be reduced at the time of a halt, 
the amount of the water of condensation generated in a fuel electrode path during shutdown is controlled, 
and the time amount which next starting takes can be shortened. 

[003 1 ] In addition, when the air purge of this operation gestalt is usually performed during operation, there 
is the need of carrying out generation-of-electrical-energy interruption. Moreover, since the hydrogen 
permutation which raises the fuel concentration of a fuel electrode to concentration required for a generation 
of electrical energy again will take time amount once it performs an air purge, by the time a generation of 
electrical energy becomes again possible, it will take time amount. 

[0032] Then, an air purge is in addition good about the water removal under operation to use the approach 
( drawing 5 ) of performing the increment in a flow rate of the hydrogen gas by purge valve 12 like before 
etc. only as a time of starting which these problems do not influence, or operation termination. 
[0033] Or if the air purge of this operation gestalt is usually performed during operation, there is also a cure 
of preparing the rechargeable battery or other fuel cells which restrict at the time of low loading with little 
effect of the above, or complement the electric power supply between the generation-of-electrical-energy 
interruption by the air purge. 

[0034] The [2nd operation gestalt] Drawing 2 is a block diagram explaining the configuration of the 2nd 
operation gestalt of the fuel cell system concerning this invention. The condition which showed the 
condition of each bulb in drawing 2 is an OFF state (the condition of not energizing, normal state). 
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[0035] The difference in the configuration of the 2nd operation gestalt and the 1st operation gestalt is that 
the bulb 15 (air change-over valve) and the ejector 16 are added to the 1st operation gestalt. A bulb 15 is a 
bulb which switches whether air is supplied to a humidifier 6, or air is supplied to an ejector 16 from the 
compressor 5 which is a source of air supply. A nozzle is connected to a compressor 5 through a bulb 15, 
inlet port is connected to a bulb 1 1 and the air pole outlet 24, and, as for the ejector 16, atmospheric-air 
disconnection of the diffuser outlet is carried out. Namely, an ejector 16 can suck now impurities, such as 
water of the fuel cell stack 9 interior, out of the fuel electrode outlet 22 through the air pole outlet 24 and a 
bulb 1 1 by making the compressed air of a compressor 5 into a drive style. 

[0036] Moreover, it is ** which a bulb 7 (the 1st atmospheric- air open valve) supplies alternatively either of 
the hydrogen gas and atmospheric air which were humidified with the humidifier 6 to the fuel electrode of 
the fuel cell stack 9, and supplies alternatively either of the air and atmospheric air by which the bulb 8 (the 
2nd atmospheric-air open valve) was humidified with the humidifier 6 to the air pole of the fuel cell stack 9. 
Since other configurations are the same as that of the 1 st operation gestalt shown in drawing 1 , the same 
sign is given to the same component and the overlapping explanation is omitted. 

[0037] In drawing 2 , the hydrogen gas as a fuel supplied from a hydrogen tank 1 is not concerned with the 
residual pressure of a hydrogen tank 1, but is adjusted to a pressure predetermined by the pressure regulator 
2, and is supplied to a flow control valve 3. A flow control valve 3 supplies the hydrogen gas of a flow rate 
according to a service condition to a humidifier 6 via an ejector 4. 

[0038] The hydrogen gas humidified with the humidifier 6 is supplied to the fuel electrode inlet port 21 of 
the fuel cell stack 9. The remaining hydrogen gas used for the generation of electrical energy with the fuel 
electrode is emitted to atmospheric air, while the purge valve 12 is open for free passage with the orifice 13, 
and when it is un-open for free passage, the whole quantity returns to an ejector 4. It is mixed with the 
hydrogen gas supplied from a flow control valve 3 with an ejector 4, and the hydrogen gas returned to the 
inlet port of an ejector 4 via the circuit 10 from the fuel electrode outlet 22 is supplied to a humidifier 6. 
[0039] Via a bulb 1 5 (air change-over valve), the air which the compressor (source of air supply) 5 
compressed on the other hand is humidified through a humidifier 6, and is supplied to the air pole inlet port 
23 of the fuel cell stack 9. Oxygen is consumed here and it is wide opened through an ejector 16 to 
atmospheric air from the air pole outlet 24. 

[0040] Drawing 6 is a flow chart explaining the control at the time of starting in this operation gestalt. By 
S40, an air purge (******(i n g)) judges first whether it is the need. Decision of the need for the air purge in 
S40 is judged from the stop time before starting of a fuel cell system, outside air temperature, etc. Although 
it may be made to perform a purge uniformly at the time of starting to simplify control, the direction 
performed by judging the need for a purge can make warm-up time necessary minimum. 
[0041] When it is judged by S40 that an air purge is unnecessary, it progresses to S42, a compressor 5 is 
started, and it usually shifts to operation in S52. 

[0042] When it judges that an air purge is required by S40, it controls by S44 so that the fuel cell stack 9 
upstream opens a bulb 7 and a bulb 8 for free passage with atmospheric air. At this time, the bulb 1 5 in the 
humidifier 6 upstream is controlled to open the feeder current way from an ejector 16 and a compressor 5 
for free passage, and is supplied to an ejector 16. Moreover, a bulb 1 1 is controlled to open a hydrogen gas 
passageway and an airstream way for free passage at this time. 

[0043] Subsequently, a compressor 5 is started by S46 and air is supplied to the nozzle of an ejector 16 
through a bulb 15. If there are many air flow rates supplied from a compressor 5 at this time, since the flow 
rate absorbed with an ejector 16 from the passage by the side of the air pole outlet 24 of the fuel cell stack 9 
will also increase, the air which passes through the inside of the air pole of the fuel cell stack 9 also 
increases, and it enables this to perform the air purge which flies the water in a fuel cell. 
[0044] Subsequently, if it stands by until the setup time passes in S48, and the setup time passes, it will 
move to S50. In S50, a bulb 15 is switched to a humidifier 6 side, and bulbs 7 and 8 are switched to 
atmospheric air and the side to intercept, and it switches a bulb 1 1 so that a fuel electrode path and an air 
pole path may be intercepted. Thereby, the hydrogen gas and air which were humidified with the humidifier 
6, respectively come to be supplied to the fuel cell stack 9. Subsequently, it usually shifts to operation in 
S52. 

[0045] Since the water in a fuel cell can be flown by this, without throwing away a fuel vainly, starting of 
the fuel cell system in a short time is attained. 

[0046] Moreover, by having used the bulb 7, the fuel cell stack 9 interior of a idle state can be maintained at 
the humidity of atmospheric-air level, and water-of-condensation generating of the gas in a fuel cell can be 
prevented. 
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[0047] By having used the ejector 16, there is no need of preparing the source of air supply for air purges 
only, and cost rise control can be carried out. 

[0048] Since a fuel electrode pressure and an air pole pressure can be close brought by using a bulb 8, 
special gas pressure control can be made unnecessary. 

[0049] In addition, air purge time amount is made into predetermined time with both the operation gestalt, 
and this can also be changed according to operational status, for example, may add modification that the 
time of low temperature lengthens. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 1] 
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[Drawing 2] 
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[Drawing 3] 
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[Drawing 4 



I tK)\,Tl. S. 11. 12g^-^ ^ S20 




|/^77,B,11,12^7| ^S24 
■ I 

[Drawing 5] 
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[Drawing 6] 
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